Background: Napping is associated with both positive and negative health outcomes among older adults. However, the association between particular napping characteristics (eg, frequency, duration, and whether naps were intentional) and daytime function is unclear. Methods: Participants were 2,739 community-dwelling Medicare beneficiaries aged ≥65 years from the nationally representative National Health and Aging Trends Study. Participants reported napping frequency, duration, and whether naps were intentional versus unintentional. Restricted participation in valued activities was measured by self-report. Results: After adjusting for potential confounders and nighttime sleep duration, those who took intentional and unintentional naps had a greater odds of any valued activity restriction (ie, ≥1 valued activity restriction), compared to those who rarely/never napped (unintentional odds ratio [OR] = 1.34, 95% confidence interval [CI] 1.01, 1.79, intentional OR = 1.49, 95% CI 1.09, 2.04). There was no difference between unintentional napping and intentional napping with respect to any valued activity restriction after adjustment for demographics. Compared to participants napping "some days," those napping most days/every day had a greater odds of any valued activity restriction (OR = 1.68, 95% CI 1.30, 2.16). Moreover, each 30-minute increase in average nap duration was associated with a 25% greater odds of any valued activity restriction (OR = 1.25, 95% CI 1.10, 1.43).
Napping is common among older adults and increases in frequency with age (1) (2) (3) . Between 18% and 49% of older adults nap regularly (2, 3) , but it is unclear whether napping is harmful or beneficial for this population (4) . Among older adults, studies have found associations between napping and poor outcomes such as all-cause mortality (5), diabetes (6) , hypertension (7) , and cognitive impairment (1, 8) . Conversely, short-term, laboratory-based experiments have found napping improves cognitive performance (9) , and reduces blood pressure in older adults (10) . Little is known, however, about the extent to which napping is linked to participation in activities that maximize healthy outcomes in older adults.
Participation in social activities is correlated with increased longevity and wellbeing among older adults (11) , and fewer depressive symptoms (12) . In contrast, lower social activity levels are associated with poorer cognitive health (13) , and greater mortality risk (14) . The association between social activity and health outcomes may also differ by the type of activity. For instance, a study found that participation in religious groups was associated with reduced mortality risk in older women, but other social activities (eg, volunteering) were not (15) . Some studies have demonstrated associations between sleep and social activities. Older adults in the National Health and Aging Trends Study (NHATS) who reported insomnia symptoms had a greater odds of restrictions in valued social activities compared to those reporting no insomnia symptoms (16) . Another study found that older adults who participated more often in collective social activities (eg, religious services) had less fragmented sleep, measured by actigraphy (17) . However, to our knowledge, there are no studies examining the association between napping and participation in valued social activities in community-dwelling older adults.
Napping does not occur uniformly, and individual napping characteristics such as duration and frequency may be modifiable parameters that improve participation in social activities and health outcomes. Alternatively, naps may be markers of conditions that increase older adults' risk for daytime dysfunction. Studies of the association of specific napping parameters with important outcomes among older adults would enhance understanding of the potential effects of napping on health (4). Thus, we investigated the association of intentional versus unintentional napping, and frequency and duration of napping, with restrictions in valued activities in community-dwelling older adults.
Methods

Participants
We studied participants from the 2013 and 2014 rounds of the NHATS, a nationally representative study of Medicare beneficiaries aged ≥65 years (18) . In each of these rounds, a sleep-focused assessment was added to the interviews of a randomly selected subset of participants. After combining cross-sectional data from the two rounds, there were 2,908 participants with napping data. We excluded participants who were not community-dwelling (eg, in nursing homes; n = 56) or reported all activities assessed as "not so important" (n = 113). Our final sample contained 2,739 participants (Round 3 = 1,530; Round 4 = 1,209). A proxy respondent familiar with a participant's care and health provided predictor and outcome variable data for 164 participants who were unable to respond due to illness, disability, or a language barrier. In sensitivity analyses excluding proxy respondents, overall patterns of findings remained, though associations decreased in magnitude and some results became nonsignificant. Because this was likely due to a loss of power, we included proxy respondents in our final analyses.
Measures
Napping frequency Participants were asked, "…how often did you take naps during the day?" and were categorized as: non-nappers ("never" or "rarely"; n = 1,219); infrequent nappers ("some days"; n = 758); or frequent nappers ("most days" or "every day"; n = 762).
Napping duration and intention
Participants who reported napping more frequently than "never" were asked, "On average, how long were these naps?", and we created an average nap duration variable (in minutes). Participants who reported napping "rarely" were excluded from our analyses of average nap duration. These participants were also asked, "In general, were these naps planned, or did you fall asleep without meaning to?", with response options "naps planned"; "fell asleep without meaning to" or "both (some planned/some not)". We classified those reporting falling asleep without meaning to or "both" as unintentional nappers (n = 920) and others as intentional nappers (n = 600). Participants who reported napping "rarely" were also asked about napping intention but were classified as non-nappers.
Excessive daytime sleepiness (EDS)
Participants were asked about past-month EDS: "…how often did you have trouble staying awake at times during the day when you wanted to be awake?", with response options "never"; "rarely"; "some days"; "most days"; "every day". We reclassified these responses as "rarely/never"; "some days"; and "most days/every day".
Nighttime sleep duration
Participants were also asked about past-month nighttime sleep duration: "…how many hours of actual sleep did you usually get at night?" Participants reported sleep duration in hours. We did not analyze nighttime sleep duration data for participants who reported "no usual hours or different from night to night" (n = 56).
Participation in valued activities
Participants were asked whether they considered each of the following activities "very", "somewhat", or "not so" important: "visit in person with friends or family not living with you"; "attend religious services"; "participate in clubs, classes, or other organized activities" (excluding religious services); and "go out for enjoyment" (eg, going to a movie or dinner). Activities rated as "very" or "somewhat" important were considered "valued." A participant's data were only included for a given activity if it was rated as valued. Participants were also asked whether "health or functioning" kept them from performing each activity in the last month. Those responding "yes" were coded as having a restriction for that activity. (20) . Both are 2-item measures, with responses from 0 to 3 per item. We summed items to obtain a total (0-6) for each measure. Participants also reported whether they had: history of a heart attack; heart disease; high blood pressure; arthritis; osteoporosis; diabetes; stroke; dementia or Alzheimer's disease; and cancer. We created a categorical variable for number of medical conditions: 0 or 1 (27.0%), 2 (28.1%), 3 (22.9%), and 4 or more (22.0%).
Other measures
Statistical Analyses
We computed descriptive statistics for participant characteristics, and compared intentional, unintentional, or non-nappers using chi-square tests for categorical and simple linear regression for continuous variables. Next, we performed logistic regression analyses with napping intention (ie, intentional, unintentional, or non-napping [reference]) as the primary predictor and health or functioningrelated restrictions in each valued activity or in any valued activity (ie, ≥1 valued activity) as the outcome. We fit three sets of models adjusting for different covariates: Model 1 demographics (age, race, gender, education); Model 2: Model 1 covariates + physical health (number of medical conditions, BMI category); and Model 3: Model 2 covariates + mental health (GAD-2, PHQ-2 scores) and nighttime sleep duration. For models with napping duration or frequency as the primary predictors, we fit a Model 4: Model 3 covariates + EDS. We performed linear combination postestimation analyses to obtain pairwise comparisons (unintentional vs intentional napping [reference]; frequent vs infrequent napping [reference]). We explored interactions of napping characteristics with EDS, adding interaction terms for Sleepiness × Napping frequency, and for Sleepiness × Average nap duration, to Model 4. An α less than 0.05 indicated statistical significance. When interaction terms were significant or near significant (p < .10), we reported stratified results. Survey weights were applied to render results nationally representative and account for stratification and clustering in the study design. Analyses were performed using Stata version 14.0 (Statacorp, College Station, TX).
Results
Participant Characteristics
Participants' demographic and health characteristics are presented by napping type in Table 1 . Overall, 47.4% of participants were nonnappers, 23.3% reported intentional naps only, and 29.3% reported unintentional naps. Napping type was significantly associated with age, gender, race, education, BMI, PHQ-2 and GAD-2 scores, number of medical conditions, EDS, and nighttime sleep duration (all p's < .01). Among participants who napped more than rarely, napping intention was significantly associated with napping frequency (p < .02), but not with average nap duration (p = .48).
Napping Intentionality and Restricted Participation
In Model 1, compared to non-nappers, participants reporting intentional and unintentional napping had a higher odds of restrictions in visiting with friends/family (intentional odds ratio [OR] = 1.62, 95% confidence interval [CI] 1.06, 2.48; unintentional OR = 1.99, 95% CI 1.41, 2.82), and unintentional nappers had a greater odds of restrictions in going out for enjoyment (OR = 1.80, 95% CI 1.21, 2.67) ( Table 2 ). However, these associations were not significant in subsequent models. In Models 1 and 2, compared to non-nappers, unintentional nappers had a greater odds of restrictions in participating in clubs/activities (Model 2: OR = 1.69, 95% CI 1.05, 2.71), but not in Model 3. In all three Models, unintentional nappers had a greater odds of restricted religious service attendance than nonnappers (Model 3: OR = 1.42, 95% CI 1.03, 1.96). Compared to non-nappers, those who reported intentional or unintentional naps had a greater odds of any activity restriction in all Models (Model 3: intentional napping OR = 1.34, 95% CI 1.01, 1.79; unintentional napping OR = 1.49, 95% CI 1.09, 2.04).
We also compared the association of unintentional versus intentional napping with activity restrictions. In all three Models, there were no differences between unintentional and intentional nappers in odds of restrictions in visiting with friends/family or going out for enjoyment. However, compared to intentional nappers, unintentional nappers had a greater odds of restricted religious service attendance in Models 1 and 2 (Model 2: OR = 1.44, 95% CI 1.01, 2.03), and in participating in clubs/activities in Model 1 (OR = 1.86, 95% CI 1.14, 3.05); these associations were not significant in subsequent models (Supplementary Table 2 ). Compared to intentional napping, unintentional napping was associated with a greater odds of any activity restriction in Model 1 (OR = 1.35, 95% CI 1.02, 1.80), but not in subsequent models.
Napping Frequency and Restricted Participation
Compared to non-nappers, infrequent napping was not associated with restrictions in any individual activities; however, frequent nappers had greater odds of restrictions in each individual activity and any valued activity in Models 1 through 3 (Table 3 ). In Model 4, which further adjusted for EDS, these associations held for restrictions in visiting with friends/family (OR = 1.83, 95% CI 1.17, 2.84) and any valued activity (OR = 1.66, 95% CI 1.27, 2.18), but not for attending religious services, club/activities participation, or going out for enjoyment.
Compared to infrequent nappers, frequent nappers had greater odds of restrictions in each valued activity and any valued activity in Models 1, 2, and 3 (Supplementary Table 3 
Nap Duration and Restricted Participation
In Models 1 through 3, except for clubs/activities participation, longer nap duration was associated with restrictions in all valued activities and any activity (Table 4) . Nap duration was associated with restrictions in clubs/activities in Model 1 and 2 (Model 2: OR = 1.23, 95% CI 1.03, 1.46), but not in Model 3 or 4. In Model 
EDS By Napping Interactions
In exploratory analyses, using Model 4, there was a near-significant interaction term for Napping frequency × Sleepiness for restrictions in visiting with friends/family (p = .08) and a significant Nap duration × Sleepiness interaction term for going out for enjoyment (p < .01). Among those reporting sleepiness rarely/never, compared to infrequent nappers, frequent nappers had a greater odds of restrictions in visiting with friends/family (Supplementary Figure 1a) . This association was not significant among those reporting sleepiness some or most days/every day. Longer nap duration was associated with a greater odds of going out for enjoyment restrictions among those reporting sleepiness rarely/never and some days, but not most days/every day (Supplementary Figure 1b) .
Discussion
We evaluated associations between napping characteristics and restricted participation in valued activities in a nationally representative sample of community-dwelling older adults. After adjustment for all covariates, religious service attendance was the only individual activity associated with napping intentionality, with unintentional nappers having a greater odds of restricted religious service attendance than non-nappers. However, compared to nonnappers, both intentional and unintentional nappers had a greater odds of restricted participation in any valued activity after adjustment for demographics, physical and mental health characteristics, and nighttime sleep duration. Similarly, frequent napping (vs nonnapping) was associated with a greater odds of restrictions in visiting with friends/family and in any valued activity after accounting for these covariates and EDS. In models limited to nappers, after adjustment for all covariates and EDS, frequent napping was associated with restrictions in each individual activity and any valued activity, while longer nap duration was associated with restrictions in visiting with friends/family, attending religious services, going out for enjoyment, and any valued activity. Together, our results suggest that intentional and unintentional, more frequent, and longer-duration naps are associated with a greater odds of restricted valuedactivity participation.
Few studies have investigated links between napping and daytime function in community-dwelling older adults. Our findings of associations between napping and health-or functioning-related restrictions in valued activities in a nationally representative community-dwelling sample are consistent with associations reported between daytime sleep and reduced social participation among nursing home residents (21, 22) . Our results are also in line with studies that have demonstrated associations of napping with difficulties in activities of daily living (23) and instrumental activities of daily living (24) among community-dwelling older adults. On the other hand, some studies have tied napping to better cognitive functioning (9, 10) . Our study extends prior research, which has primarily characterized napping in terms of duration or frequency by examining napping intentionality. Future studies that consider distinct napping characteristics (eg, intentionality, frequency) may help resolve discrepant findings in this area.
There are various plausible explanations for the associations we observed. For example, disturbed nighttime sleep may drive the association between napping and poor health outcomes (25) . While our significant findings remained after adjustment for nighttime sleep duration, further research is needed in examining the role of nighttime sleep as a driver of napping-related social participation and other behaviors that improve quality of life. On the other hand, napping may also be a manifestation of EDS, which could lead to restrictions in valued activities, independently of napping. Indeed, other studies in older adults have investigated napping as a marker of EDS. One study found associations between EDS, measured by napping frequency, and greater odds of deficits in activities of daily living (23) . In another, 87.5% of EDS cases reported napping, and EDS was associated with reduced social activities (26) . In the present study, however, we adjusted for EDS and observed independent associations with restricted participation. Also, after adjustment for covariates, we found no statistically significant differences between intentional napping (which may not reflect EDS) versus unintentional napping (which likely results from EDS (27) ) and activity restrictions. Thus, our findings are probably not attributable to EDS alone, and napping, itself, may be a marker of underlying conditions that increase risk for restricted activity participation in older adults. Another possibility is that napping is causally linked to health or functioning-related activity participation. In terms of a mechanism, time spent napping is time not spent engaged in other behaviors that might improve health or functioning, such as physical activity or social engagement. Thus, napping may be a modifiable risk factor for activity restriction simply because it is incompatible with other activities. However, we cannot determine this based on the results of these cross-sectional analyses.
We also found that EDS modified some associations. Frequent napping was independently associated with restrictions in visiting friends/family among those reporting the least sleepiness, and nap duration was associated with restrictions in going out for enjoyment, but not among those with the most sleepiness. The reasons for these results are unclear and warrant future research. Fatigue, however, is a factor that may play a role in napping (28) . Studies are needed to investigate whether fatigue may drive napping-related daytime dysfunction.
Strengths of this study include a large, nationally representative sample of U.S. older adults and the investigation of distinct napping characteristics. However, this study has limitations. First, we were unable to distinguish between daytime and evening napping; nap timing may affect activity participation (29) . Additionally, napping was measured by self-report, rather than an objective measure (eg, actigraphy), and did not include assessment of day-to-day variability in napping characteristics. Prior studies have found sleep estimates derived from objective and subjective measures conflict among older adults (29) . Investigations using self-report and objective measures of napping and studying whether associations differ by mode of assessment are needed. Further, this study used a cross-sectional observational design, which does not allow us to probe for potential causal links by examining temporal associations. Longitudinal studies are needed in this domain to examine temporal associations that may suggest causal links. Because we are unable to conclude that the association is causal, we cannot recommend against napping based on our results. Nonetheless, clinicians should note that unintentional napping may be a marker of a sleep disorder or over-sedation. Patients reporting unintentional napping should be evaluated to identify underlying causes, including a sleep study to rule out a sleep disorder (30) , such as sleepdisordered breathing.
In conclusion, we found that unintentional, intentional, frequent, and longer-duration naps are associated with decrements in daytime social functioning and activity participation among older adults. If napping does detract from adaptive participation in valued activities, this would suggest that decreasing napping may promote these healthy behaviors. However, prior to the creation of randomized trials to investigate this possibility, longitudinal studies are needed.
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